Abstract: Salvia L. is a large genus of the Lamiaceae family with high medicinal value. Pharmaceutical properties of Salvia species are mainly due to their secondary metabolites, especially phenolic compounds. This study was focused on identification and determination of five bioactive phenolic compounds (rosmarinic acid, carnosic acid, caffeic acid, salvianolic acids A and B) in the 41 populations from 27 wild Salvia species of Iran using a simple and reliable HPLC-UV method. The principal component analysis (PCA) technique was used to study differentiation among species according to their phenolic compound profiles. Significant intra-and interspecific variations were observed in the distribution patterns and contents of phenolic compounds in the studied Salvia species. As a result of this study, it was found that leaves had greater amounts of phenolic compounds as compared to the roots. The highest content of rosmarinic acid (41.53±0.88 mg/g DW) and salvianolic acid A (8.10±0.35 mg/g DW) were found in the leaves of S. verticillata. The leaves of S. syriaca and S. sharifii were rich in salvianolic acid B (54.47±2.00 mg/g DW) and carnosic acid (34.05±1.18 mg/g DW), respectively. The PCA results revealed chemical variations in the Salvia species collected from different regions and could fully distinguish between them based on the phenolic compounds concentrations. The present study demonstrated that apart from S. officinalis, some wild species such as S. verticillata, S. hypoleuca, S. leriifolia and S. virgata can be introduced as potent natural sources for medicinal and industrial purposes.
Introduction
The genus Salvia L. (sage) consists of about 900 plant species and represents one of the most important and the largest genera of the Lamiaceae family [1] [2] [3] . Iran with 58 species, of which 17 are endemic [1] [2] [3] , is one of the best countries for growing Salvia species in the world [1] . The name of Salvia comes from the Latin words salvare, salveo, salvus or salvere meaning healing, non-harmful and safe and refers to the numerous medicinal applications of Salvia species [1, [3] [4] [5] [6] .
Salvia species are known for their several therapeutic properties in folk medicine to treat tuberculosis, bronchitis, pyretic, rheumatoid arthritis, colds, wounds and skin infections, headache, cerebral ischemia and memory disorders, as well as hepatitis [1, 7] . In Iranian traditional medicine, different parts of many indigenous Salvia species such as S. aethiopis, S. aegyptiaca, S. officinalis, S. hydrangea, S. sclarea, S. macrosiphon and S. viridis are used locally for treatment of some diseases Caffeic acid (CAA) acts as a structural unit of a variety of the phenolic compounds from the simple monomers to condensed oligomer products ( Figure 1 ) and plays a basic role in the biochemistry of the Salvia species [5, 16] . Different CAA derivatives occur as the major hydrophilic components of the Salvia species and possess a variety of biological activities [13, 16] . It is well known that anti-oxidative activities of Salvia species are mainly due to the presence of rosmarinic acid (RA) (dimer of CAA) as the most abundant phenolic compound [5, 16] . Salvianolic acids as derivatives of CAA are another groups of polyphenolic metabolites whose occurrence has only been approved in the Salvia genus [16] [17] [18] [19] . Among these phenolic acids, salvianolic acid A (Sal A) a trimeric derivative of CAA, and salvianolic acid B (Sal B) a dimer derivative of RA, and thus a tetramer of CAA, are two of the most important ones [16, 20, 21] . It has been demonstrated that Sal A as the most effective salvianolic acid in Salvia genus has antioxidative, antitumor, biomembrane and cardiovascular protection effects [16, 21] . Salvianolic acid B, as the most abundant phenolic compound of S. miltiorrhiza is widely used in clinical practice for the treatment of cardiovascular disorders and liver diseases in China [21, 22] .
Carnosic acid (CA) is a phenolic diterpene of the abietane type compounds [23] that has received great attention as a strong antioxidant in food and biomedical sciences [24] . This phenolic diterpene is found frequently in Rosmarinus officinalis and S. officinalis [23, 24] . The presence of CA has also been confirmed in other species of Lamiaceae including Satureja montana, S. sclarea, S. glutinosa [25] , S. mellifera [19] , S. eremophila and S. santolinifolia [26] .
Since the pharmaceutical value of phenolic compounds is well known and Salvia species are widely distributed in Iran, the limited data available prompted the present investigation of the identification and determination of some phenolic compounds in some wild Salvia species from Iran.
Materials and Methods

Plant Materials
The 41 samples of 27 Salvia species were harvested at the flowering stage from different localities of Iran during the spring and summer 2012. The voucher specimens were deposited at the central herbarium of Bu-Ali Sina University (BASUH) and Herbarium of Biology Department, Hormozgan University (HAPH), Iran. The scientific names, collection sites and voucher numbers of the studied species are listed in Table 1 .
Chemicals and Standards
All the analytical and HPLC-grade solvents were supplied from Merck Chemical Co. Ltd. (Darmstadt, Germany). Standards samples of carnosic acid, salvianolic acid B and caffeic acid were purchased from Sigma, rosmarinic acid and salvianolic acid A were supplied from Aldrich and Fluka, respectively.
Phenolic Compounds Extraction from Samples
One gram of the air-dried and finely powdered leaf and root samples of the examined Salvia species were separately extracted by maceration in methanol (2×10 mL for 24 h) at room temperature and dark place. After filtration, the solvents were removed on a rotary evaporator under vacuum at 40˚C to dryness. The crude extracts were stored in the dark at 4˚C until analysis. The dried extracts freshly were dissolved in 99% ethanol at 4mg/mL concentration for further studies [27] .
HPLC Analysis
Phenolic compounds in the samples were identified and quantified using a Smartline HPLC instrument (Kenuer, Germany) equipped with a quaternary pump and a UV-VIS detector (D-14163 model). Reverse phase chromatography separation was performed with a C18 Eurospher-100 (5 μm particle, 125 mm × 4 mm). The chromatographic data were processed using ChromGate software (version 3.1). The flow rate used for column elution was 1 mL/min and peaks were monitored by UV detection at 280 nm. The sample injection volume was 20 µL. The solvent system was 0.2% (v/v) glacial acetic acid in water (solvent A) and acetonitrile (solvent B). The gradient elution program was as follows: 90-75% A (v/v) at 0-15 min, 75-20% A (v/v) at 15-40 min, 20-0% A (v/v) at 40-45 min, 0% A (v/v) at 45-50 min, 0-90% A (v/v) at 50-55 min. Samples and standard solutions were filtered through 0.45 µm hydrophilic PTFE membrane filters before injection. Identification of the compounds in the chromatograms was performed by comparison of their retention times with those of reference standards. Determination of the each phenolic compound was performed using the corresponding calibration curve. Extract samples were injected three times to HPLC for analysis. 
Method Validation
Linearity
The standard stock solutions were separately prepared in pure ethanol and diluted to appropriate concentration range for the establishment of calibration curves. The calibration curves were plotted on the basis of linear regression analysis of the integrated peak areas (y) versus concentrations (x, μg/mL) of the five authentic compounds at different levels ( Table 2) . Correlation coefficients were considered to confirm the significant linear calibration for the standard samples.
Precision and Recovery
The precision of the developed HPLC method was performed with different concentrations of five standard compounds. Twenty microliters of each standard solution was injected into the HPLC system continuously under the same chromatographic conditions for five times. The percent relative standard deviation (RSD%) for the peak area of each standard were calculated.
To evaluate of the accuracy of the applied method, recovery experiments were performed after adding three varying quantities of the standards to the samples (leaves of S. officinalis). Recovery values of the five components were measured from the corresponding calibration curve, and RSDs were calculated.
Statistical Analysis
Data were reported as means ± SE of three independent test. The means were compared using the one-way ANOVA test and multivariate analysis of variance followed by Duncan's multiple range tests (P<0.05). Graphs were drawn using Excel software. Statistical analysis was conducted with SPSS (version 22.0) software.
Results and Discussion
Optimizing of HPLC Condition
In this survey, different HPLC parameters were tested and compared. The phenolic compounds were detected at 260, 280, 290 and 330 nm wavelengths, tested mobile phases were consisted of acetonitrile-water system and methanol-water system and mobile phase flow rates were 0.5, 0.7, 0.8, 1 and 1.2 mL/min. The binary mixtures of the acetonitrile-water system were more effective for the separation of the detected compounds. Addition of 2% (v/v) acetic acid to water improved peaks shape and separation efficiency. Due to greater baseline stability, mobile phase system of acetonitrile-2% aqueous acetic acid was selected. Also, the results showed that the most suitable elution flow rate was 1 mL/min and all the examined compounds were well detected at wavelength of 280 nm. Under these experimental conditions, all the five compounds were eluted within a run time of 60 min and the separation was adequate.
Method Validation
The method was validated by the linearity, precision and reproducibility of the results. Regression equations were derived from the external standard method. The correlation coefficient of the equations (R 2 ) was over 0.9683, which indicated all the standard compounds showed good linearity in the relatively wide concentration. After determination, precision and repeatability (RSD of intraday) of the five authentic substances was below 1.5% (Table 2 ). The RSDs were taken as a measure of precision and their values indicated that the instrument was highly precise. The average recovery of the five components and RSDs were obtained ( Table 3 ) and showed that the method had a good accuracy.
Quantitative Analysis of Samples
In the present study, the presence and the amount of some phenolic compounds (RA, CA, CAA, Sal A and Sal B) were simultaneously assessed in 41 populations from 27 wild Salvia species of Iran by HPLC. Based on the literature, this is the first report about the existence of the studied phenolic acids in some Salvia species, including S. aegyptiaca, S. aristata, S. atropatana, S. ceratophylla, S. chorassanica, S. hydrangea, S. mirzayanii, S. reuterana, S. sharifii, S. tebesana, S. xanthocheila and S. syriaca. Qualitative analysis of ethanolic extracts of the studied organs by HPLC confirmed the presence of the phenolic compounds. As shown in the CAA: caffeic acid Our findings showed the great variations in the contents of phenolic compounds among the studied Salvia species at both intra-and inter-species levels. The results showed that the leaves were rich in phenolic compounds with Sal B being the most abundant with descending amounts of RA, CA and Sal A in that order (Table 4) . 
Total
Data are expressed as mean ± SE. Mean values within the same column sharing a common letter are not significantly different (P <0.05). LOD:(≤ 0.001 mg/g DW) Rosmarinic acid was detected in all of the investigated Salvia species. Based on the results, the leaves of four populations of S. verticillata were rich in RA, with the highest amount obtained for the leaves of S. verticillata (41.53 mg/g DW) from Qazvin location. Among the studied species, leaves of S. aristata and S. choloroleuca had the lowest contents of RA (≤1 mg/g DW).
The highest content of RA with the value of 11.56 mg/g DW was expressed in the roots of S. verticillata (T1), while the lowest content of this phenolic acid was found in the roots of S. tebesana (0.62 mg/g DW).
The presence of RA in the members of the genus Salvia is well known [28] [29] [30] [31] . Previous reports indicated that the RA content of the aerial parts and leaves of S. officinalis ranged from 5.5 to 39.3 mg/g DW depending on the extraction method and collection site [13, 28, [32] [33] [34] [35] [36] . In the present study, we obtained a value of 15.02 mg/g DW for RA in the leaves of this species. In recent years, the presence of RA has been investigated in the other Salvia species [26, 28, 29, 32, 34, [37] [38] [39] [40] [41] [42] . Rosmarinic acid was found in 39 wild growing populations of 35 Salvia species in China, ranging from trace amounts to 26.31 mg/g DW in the roots of S. maximowicziana [13] . As far as we know, the highest RA contents have been reported in the leaves of S. glutinosa (47.3 mg/g DW) and S. sclarea (41.1 mg/g DW) from Botanical Garden in Lithuania [32] . According to the results of Zengin et al. [43] , aerial parts of S. verticillata subsp. amasiaca of Turkey were rich in RA (67 ± 2 mg/g DW). Similarly, among the studied species in this research, leaves of three populations (Q, T2 and T1) of S. verticillata with the values of 41.53, 41.07 and 22.40 mg/g DW were rich in RA, respectively. Also, the highest content of RA (11.56 mg/g DW) in the roots was reported for S. verticillata.
The content of Sal B, as the most abundant phenolic compound, varied from 0.80 mg/g DW in the leaves of S. verticillata (T1) to 54.47mg/g DW in the leaves of S. syriaca. Salvianolic acid B was not detected in the leaf extract of S. aegyptiaca. The amount of this phenolic acid ranged from 0.09 to 5.21 mg/g DW in the roots of S. ceratophylla (M) and S. aristata, respectively, although this compound was not identified in the root of S. sclarea (M). The amount of Sal A ranged from 0.18 mg/g DW in the leaves of S. staminea to 8.10 mg/g DW in the leaves of S. verticillata (IBRC). On the other hand, except for the roots of S. aristata (2.45 mg/g DW) and S. verticillata (T1) (1.25 mg/g DW), Sal A content in the roots of the other species was less than 1mg/g DW.
There are a few reports about the presence of salvianolic acids in Salvia species, but these are mostly limited to S. miltiorrhiza [16, 19, 44, 45] . According to the results of Min-hui et al. [13] , the content of Sal B varied from trace amounts to 82.52 mg/g DW in the roots of S. bowleyana; while only trace amounts of Sal A were determined in the S. miltiorrhiza root samples. Unlike their results, we identified the presence of Sal A and Sal B in the leaf and root extracts of S. officinalis. The highest amounts for the Sal B have been reported for the roots of S. miltiorrhiza as 130.00 mg/g DW [46] . Among the examined Iranian Salvia species in this research, the leaves of S. syriaca with the value of 54.47 mg/g DW were the richest source of Sal B. According to our results, the content of Sal B in the leaves (17.74 mg/g DW) and roots (1.75 mg/g DW) of a wild population of S. leriifolia were much more higher than those values reported by Modarres et al. [38] in the leaves (0.13 mg/g DW) and roots (0.11 mg/g DW) of another wild population of the same species. In accordance with the Chinese Pharmacopoeia (2010), Sal B is an index and chemical marker for the quality control of Danshen, dried roots of S. miltiorrhiza, and its content should not be less than 30 mg/g DW (3%) [47] . Based on the extraction solvent, the highest amount for Sal A has been reported as 0.41 mg/g DW in the roots of commercially available S. miltiorrhiza plants [48] . Inconsistent with Min-hui et al. [13] results, Sal A was also found in all of the investigated Salvia species of Iran, except for the roots of S. macrosiphon. Furthermore, in our study the maximum value of Sal A (8.10 mg/g DW) was obtained in the leaves of S. verticillata (IBRC), which was approximately twenty times higher than that previously reported for the commercial roots of S. miltiorrhiza by Ho et al. [48] .
Among the tested samples, the content of CA ranged from trace amounts to 34.05 mg/g DW in the leaves of S. sharifii. Also, results of the content assessment of this abietane compound in 32 populations of 19 species of Salvia showed that most of the studied species did not contain this phenolic compound in their roots. However, the roots of S. xanthocheila, S. leriifolia and S. nemorosa (Q) with the values of 18.51, 14.65 and 10.02 mg/g DW, respectively, were the richest sources of CA.
Most of the previous reports have been focused on the production of CA in calli, suspension cultures and shoot cultures of R. officinalis and S. officinalis [23, 33, 49] . According to the published reports, CA is highly unstable and its content might be changed depending on some factors such as environmental growing conditions, season of harvest [25, 50, 51] , extraction solvent and extraction methods [49, [52] [53] [54] . The contents of CA in the leaves of S. officinalis and S. sclarea in this study were significantly greater than those found in the aerial parts of the same species native to Slovenia and Croatia [25] . In an investigation on S. eremophila and S. santolinifolia from Iran, the highest contents of CA in the aerial parts have been reported as 39.05 and 9.35 mg/g DW, respectively [26] . Among the studied Salvia species in this survey, the leaves of S. sharifii (34.05 mg/g DW) and S. reuterana (T2) (31.96 mg/g DW) and the roots S. xanthocheila (18.51mg/g DW) and S. leriifolia (14.65mg/g DW) could be considered as the richest natural sources of CA. As far as we know, this is the first report on the presence of this valuable abietanic compound in the roots of plant species.
The CAA content of the leaves varied from 0.06 mg/g DW in S. ceratophylla (T) and S. hydrangea to 60.14 mg/g DW in S. hypoleuca (T2). As compared to the leaves, the amount of this phenolic acid was relatively low in the roots of Salvia species, with the highest value of 31.77 mg/g DW in the S. officinalis.
PCA Analysis
The PCA assay was performed to determine the importance of the chemical variables for discrimination and screening of the examined Salvia species. The quantitative data obtained for the five compounds examined were subjected to PCA to describe the differences in the distribution of them across various geographic locations through 41 populations from 27 Salvia species. The PCA results revealed that three principal components with eigenvalues greater than 1 explained 57.26% of the total variance ( Table 5) .
The PCA scores plots based on the two principal components are shown in Figure 3 . The situation of each Salvia species on the scores plots can be explained with reference to the loadings plots for PC1 and PC2. The first axis (PC1), representing 27.45% of the total variance, and mainly correlated positively to Sal B (loading, 0.61), Sal A (loading, 0.60) and RA (loading, 0.59) in the roots, but negatively correlated with CA (loading, -0.76), CAA (loading, -0.65) and Sal B (loading, -0.61) in the leaves. The second axis (PC2) accounted for 15.53% of the total variation and showed a high positive correlation with the RA (loading, 0.86) in the leaves. Also, the PCA results clearly showed the absence of marked variances among populations of a species. On the one hand, the PC1 separated S. aristata, which was characterized by the highest content of Sal B in the roots and very low concentrations of RA in the both of leaves and roots, to the remaining species. Moreover, the PC2 could easily distinguish the leaves and roots of different populations of S. verticillata rich in RA. Other species, which were distributed in a larger region, based on the concentrations of phenolic compounds and their position on PC1 and PC2 were separated as the third group. The PCA results reported by Ben Farhat et al. [55] , revealed that the studied Salvia species characterized based on the quantitative distribution of nine phenolic compounds in their leaves. Similarly, PCA plots confirmed that antioxidant capacities of S. officinalis plants, which were collected from four wild locations in Croatia, were significantly correlated with the content of polyphenols, especially RA in their leaves [36] . Liang et al. [56] based on PCA analysis of HPLC and HPLC-MS n fingerprints data of forty-nine compounds from twenty-five root samples of S. miltiorrhiza which were harvested from various geographical areas in China and were processed with different methods, classified and screened the examined samples into three groups with different contents of phenolic acids and tanshinones. In a similar PCA analysis, chemical profiles of phenolic acids and tanshinones were used as suitable markers for pharmacological evaluation of wild-grown S. miltiorrhiza plants in China [57] . In Conclusion, according to our research significant differences were observed in the distribution patterns of phenolic compounds of the studied Salvia species at both of intra-and inter-species levels. It seems that the variations in contents may be due to the environmental conditions and genetic factors. Based on the collective results from phytochemical studies, S. verticillata, S. hypoleuca, S. leriifolia and S. virgata were particularly rich in rosmarinic acid. The leaves of S. hypoleuca, S. sclarea, S. tebesana, S. santolinifolia and S. syriaca had valuable amounts of salvianolic acid B. The higher amounts of salvianolic A were achieved in the leaves of S. hypoleuca and S. verticillata. The leaves of S. sharifii and S. reuterana had high capacity for biosynthesis and storage of carnosic acid. It PCA1 (27.45%of total variance) PCA 2 (15.53% of total variance) was noticeable that plant samples of S. verticillata, S. hypoleuca, S. virgata and S. sclarea which were harvested from Qazvin province possessed the highest contents of phenolic compounds, as compared to the other studied populations. Due to the widespread distribution of the wild Salvia species in Iran and also according to the findings of this research and similar data from the literature, some of these species might be used as new resources of the studied compounds, especially RA, with a wide range of strong biological activities in food and medicinal industries. In general, the results of this research approved that the mentioned species can be used as potent natural sources of the studied valuable phenolic compounds for pharmaceutical, industrial, breeding, domestication and cultivation purposes, beside the S. officinalis which is currently known as the most important medicinal plant of the Salvia genus.
